Introduction
============

Due to developments of highly active antiretroviral therapy (HARRT), morbidity and mortality related to human immunodeficiency virus (HIV) infected patients has reduced markedly \[[@B1][@B2]\]. In 2014, the number of HIV-infected patients globally was about 36.9 million (34.3 - 41.4 million), and 2 million people were newly diagnosed with HIV \[[@B3]\]. At this time, 15 million HIV patients were receiving ART \[[@B3]\]. Previous studies have found that starting HAART when the CD4+ cell count is high is recommended for improved virologic and immunologic recovery and prevents disease progression \[[@B4][@B5][@B6]\]. Starting ART when CD4+ cell counts are already low results in acquired immunodeficiency syndrome (AIDS) defining disease for many patients \[[@B7]\]; HIV-infected patients who started HAART with a CD4+ cell count \<200 cells/mm^3^ may not reach a normal CD4+ cell count \[[@B6]\]. In addition, early treatment of ART prevents sexual transmission among serodiscordant couples \[[@B8]\]. Considering these clinical findings, many HIV/AIDS expert groups have updated their clinical guidelines regarding the recommended time point for initiating ART. The European AIDS Clinical Society (EACS) recommends that patients whose CD4+ cell counts are \<350 cells/mm^3^ initiate ART \[[@B9]\]. However, the Department of Health and Human Services (DHHS) guidelines strongly recommend that HIV-positive patients with CD4+ cell count ≤500 cells/mm^3^ should initiate ART \[[@B10]\]. The World Health Organization (WHO) also recently updated their treatment guidelines to advise that ART should be initiated for all HIV-positive adult patients, regardless of WHO clinical stage and CD4+ cell count \[[@B11]\]. Consistent with these other recommendations, the Korean Society for AIDS revised their guidelines in 2013 to recommend that all HIV-infected patients, regardless of CD4+ cell count, initiate ART. The guidelines also favor treatment of HIV-positive patients whose infection status is acute or who were recently infected \[[@B12]\]. Although previous clinical data and guidelines recommend early initiation of ART, most HIV-infected patients initiate ART when they are diagnosed with low CD4+ cell counts \[[@B2][@B13][@B14]\]. In Korea, the total number of patients infected with HIV in 2015 was 10,502 and there were 1,052 newly infected patients; incidence has been observed to be increasing steadily. In addition, with the support of the national HIV/AIDS policy, the proportion of patients treated with ART has increased. It is necessary to know the real status of CD4+ cell count and HIV-RNA at the HIV diagnosis and ART initiation. Therefore, we researched CD4+ cell count and HIV-RNA of Korean HIV- infected patients at the time points of diagnosis and initiation of treatment, using Korea HIV/AIDS Cohort Study data.

Materials and Methods
=====================

The Korea HIV/AIDS Cohort Study was a prospective observational cohort study with patients from 21 tertiary or secondary hospitals in South Korea, initiated in 2006. The Korea HIV/AIDS Cohort Study collected data on HIV-infected individuals, including socioeconomic status, route of infection, ART, conventional laboratory data, immunological and viral laboratory data, and information on opportunistic infections. The institutional review board approval was obtained from all participating hospitals.

Within the cohort study population, patients who had CD4+ cell count and HIV-RNA titer data at the time of diagnosis and HAART initiation were included in this study. Data were stratified on the basis of CD4+ cell count (≤100, 101-200, 201-350, 351-500, and \>500 cells/mm^3^) and HIV-RNA titer (≤50,000, 50,001-100,000, 100,001-200,000, 200,001-1,000,000, and \>1,000,000 copies/mL), and analyzed by 3-year time intervals. The stratified data are presented with percentages, average values, mean values, and quartile values.

Additionally, we investigated age, sex, transmission route, and the past medical history of patients with a CD4+ cell count at the time of diagnosis. We compared these factors based on the CD4+ cell count at diagnosis (cutoff point: CD4+ cell count 200 cells/mm^3^ or 350 cells/mm^3^). The Student-*t* test or the Wilcoxon Rank-Sum test was used to analyze continuous variables, and the chi-square test or the Fisher exact test was used for categorical variables. Statistical analyses were performed using R statistics version 3.2.1 (R Foundation for Statistical Computing, Vienna, Austria), and *P* \<0.05 was considered statistically significant.

Result
======

1. Trend of CD4+ cell count and HIV-RNA titer at the time of diagnosis {#sec1}
----------------------------------------------------------------------

As of August 2015, 1,356 HIV-infected patients were enrolled in the Korea HIV/AIDS Cohort Study. Among the Cohort Study population, 1,124 HIV-infected patients were suitable for analysis of CD4+ cell count at time of diagnosis. Mean and median values of CD4+ cell counts were 271 cells/mm^3^ and 247 cells/mm^3^ (interquartile range \[IQR\] 104 - 390 cells/mm^3^), respectively. [Table 1](#T1){ref-type="table"} shows mean and median values of CD4+ cell count at HIV diagnosis, according to three-year intervals. The patients suitable for analysis comprised between 1% and 15% of new patients with HIV/AIDS in each period ([Table 1](#T1){ref-type="table"}). The median age at diagnosis was 40 years (overall; IQR 31-48 years); 33 years (IQR 30-41) before 2000; 42 years (IQR 35-46) between 2001 and 2003; 40 years (IQR 31-47) between 2004 and 2006; 41 years (IQR 33-50) between 2007 and 2009; 39 years (IQR 30-51) between 2010 and 2012, and; 34 years (IQR 26-44) between 2013 and 2015. The patients with CD4+ cell counts lower than 100 cells/mm^3^ increased until 2012 ([Fig. 1](#F1){ref-type="fig"}). However, in the three most recent years (2013-2015), the proportion of patients with lower initial CD4+ cell counts decreased. Additionally, the number of patients with CD4+ cell counts of more than 350 cells/mm^3^ at the time of diagnosis has increased ([Fig. 1](#F1){ref-type="fig"}). However, patients with CD4+ cell counts lower than 100 cells/mm^3^ at diagnosis were still a substantial portion (10-33%) of the cohort study population ([Fig. 1](#F1){ref-type="fig"}). CD4+ cell counts lower than 200 cells/mm^3^ at diagnosis increased over time (31-51%, maximum at 2010-2012 period). CD4+ cell counts lower than 350 cells/mm^3^ at diagnosis increased over time as well (55-75%, maximum at 2010-2012 period).

###### CD4+ cell count and HIV-RNA titer at the time of HIV diagnosis, by 3-year intervals

![](ic-49-101-i001)

  Year                    CD4+ cell count at the time of HIV diagnosis   HIV-RNA titer at the time of HIV diagnosis                                                                                                                            
  ----------------------- ---------------------------------------------- -------------------------------------------- ------------ ------------ ----------- ----------- ---------- ---------- ------------ ------------ ----------- ---------- --------
  Number of patients^a^   29 (2.2)                                       83 (6.6)                                     314 (15.4)   352 (15.3)   245 (9.7)   101 (3.2)   19 (1.5)   87 (6.9)   290 (14.2)   338 (14.7)   248 (9.8)   97 (3.1)   
   Mean value             334                                            274                                          292          261          236         308         59,564     121,600    317,717      453,701      615,233     168,859    
   Median value           326                                            252                                          269          233          195         295         24,724     38,000     24,000       43,250       76,651      36,800     
   Quartile               25                                             146                                          123          126          95          58          148        7,521      3,430        3,155        5,785       18,700     11,150
  75                      471                                            444                                          417          375          348         441         107,304    140,000    120,000      137,750      213,759     115,900    

Values are presented as cells/mm^3^ in CD4+ cell count and copies/mL in HIV-RNA titer.

^a^Values in parentheses are the percentage of study population among new patients in Korea.

HIV, human immunodeficiency virus.

![The trend of CD4+ cell count at the time of diagnosis by 3-year intervals. As of 2015, a total of 1,124 HIV-infected patients were included. Each period was stratified by grade of CD4+ cell count: ≤100, 101-200, 201-350, 351-500, and \>500 cells/mm^3^. Values are presented as number (percentage).](ic-49-101-g001){#F1}

When the subjects were classified by a CD4+ cell count of 200 cells/mm^3^, 467 patients were included in the CD4+ cell count ≤200 cells/mm^3^ group. The median age at diagnosis was higher in the group with a CD4+ cell count ≤200 cells/mm^3^ (41 years, interquartile range \[IQR\] 33-49.5) (*P =* 0.001). With respect to their past medical history, syphilis was observed more frequently in patients with a CD4+ cell count \>200 cells/mm^3^ (203 patients, *P =* 0.029). Tuberculosis was observed more frequently in patients with a CD4+ cell count ≤200 cells/mm^3^ (109 patients, *P* \<0.0001) ([Table 2](#T2){ref-type="table"}).

###### Factors associated with low CD4+ cell count in patients with HIV infection at the time of diagnosis

![](ic-49-101-i002)

                                     CD4+ \>200 (n=657)   CD4+ ≤200 (n=467)   *P*-value
  ---------------------------------- -------------------- ------------------- -----------
  Gender                                                                      0.550
   Female                            48 (7.3)             29 (6.2)            
   Male                              609 (92.7)           438 (93.8)          
  Median age at diagnosis in years   39 (30-48)           41 (33-49.5)        0.001
  Age at diagnosis                                                            0.002
   ≤29                               150 (22.8)           69 (14.8)           
   30-39                             199 (30.3)           130 (27.8)          
   40-49                             166 (25.3)           151 (32.3)          
   50-59                             95 (14.5)            72 (15.4)           
   ≥60                               47 (7.2)             45 (9.6)            
  Estimated transmission route                                                
   Sexual intercourse                572 (87.1)           404 (86.5)          0.628
    - MSM^a^                         287 (43.7)           166 (35.5)          0.007
    - Heterosexual                   230 (35.0)           202 (43.3)          0.003
    - Unknown                        55 (8.4)             36 (7.7)            
   IVDU                              0 (0)                5 (1.1)             0.024
   Transfusion                       9 (1.4)              15 (3.2)            0.045
   Injection of coagulation factor   2 (0.3)              2 (0.4)             1.000
   Unknown                           74 (11.3)            41 (8.8)            
  Past medical history                                                        
   HBV infection                     34 (5.2)             19 (4.1)            0.464
   HCV infection                     6 (0.9)              5 (1.1)             1.000
   Syphilis                          203 (30.9)           119 (25.5)          0.029
   Gonorrhea                         43 (6.5)             30 (6.4)            1.000
   Non-gonococcal urethritis         38 (5.8)             24 (5.1)            0.754
   Tuberculosis                      72 (11.0)            109 (23.3)          \<0.0001

Values are presented as median (interquartile range) or number (%).

^a^MSM included homosexual or bisexual.

HIV, human immunodeficiency virus; MSM, men who have sex with men; IVDU, intravenous drug user; HBV, hepatitis B virus; HCV, hepatitis C virus.

When the subjects were classified by a CD4+ cell count of 350 cells/mm^3^, 778 patients were included in the CD4+ cell count ≤350 cells/mm^3^ group (low CD4+ group) and 346 patients were included in the CD4+ cell count \>350 cells/mm^3^ group (high CD4+ group). The median age at diagnosis was 41 years in the low CD4+ group (IQR 32-49), which was higher than that of the high CD4+ group (38.5 years, IQR 31-48) (*P* = 0.038). Syphilis was observed in 213 patients in the low CD4+ group and in 109 patients in the high CD4+ group, which was not statistically significant (*P* = 0.169). Tuberculosis was observed more frequently in the low CD4+ group (148/778) \[19%\] than in the high CD4+ group (33/346) \[9.5%\] (*P* \<0.0001).

A total of 1,079 HIV-infected patients met the criteria for analysis of HIV-RNA titer at the time of diagnosis. Mean and median values of HIV-RNA titer were 394,955 copies/mL and 39,436 copies/mL (IQR, 7,150-151,000 copies/mL), respectively. Until the 2010-2012 period, the proportion of patients with HIV-RNA \<50,000 copies/mL decreased ([Fig. 2](#F2){ref-type="fig"}).

![The trend of HIV-RNA titer at the time of diagnosis by 3-year intervals. As of 2015, a total of 1,079 HIV-infected patients were included. Each period was stratified by the level of HIV-RNA titer: ≤50,000, 500,001-100,000, 100,001-200,000, 200,001-1,000,000, and \>1,000,000 copies/mL. Values are presented as number (percentage).](ic-49-101-g002){#F2}

2. Trend of CD4+ cell count and HIV-RNA titer at the time of initiating HAART {#sec2}
-----------------------------------------------------------------------------

A total of 376 HIV-infected patients met the criteria for analysis of CD4+ cell count at time of initiating HAART. Mean and median values of CD4+ cell counts were 194 cells/mm^3^ and 181 cells/mm^3^ (IQR, 63-270 cells/mm^3^), respectively. Median value of CD4+ cell count was lowest in 2010-2012 period, and those values showed a decrease pattern until 2010-2012 period ([Table 3](#T3){ref-type="table"}).

###### CD4+ cell count and HIV-RNA titer at the time of initiating highly active antiretroviral therapy, by 3-year intervals

![](ic-49-101-i003)

  Year                 CD4+ cell count at the time of initiating HAART   HIV-RNA titer at the time of initiating HAART                                                                                      
  -------------------- ------------------------------------------------- ----------------------------------------------- ----- ----- ----- ----- -------- --------- --------- --------- --------- --------- --------
  Number of patients   12                                                48                                              127   110   69    10    3        38        104       102       66        9         
   Mean value          229                                               212                                             213   172   156   320   11,103   179,463   696,943   419,355   603,373   343,503   
   Median value        232                                               192                                             195   153   120   246   8,021    93,400    94,500    65,972    119,500   110,000   
   Quartile            25                                                135                                             116   77    60    38    179      289       18,105    16,167    10,300    35,025    18,665
  75                   341                                               307                                             284   258   237   453   25,000   213,500   498,500   260,000   315,250   705,501   

Values are presented as cells/mm^3^ in CD4+ cell count and copies/mL in HIV-RNA titer.

HIV, human immunodeficiency virus; HAART, highly active antiretroviral therapy.

The overall trend found was that the proportion of patients whose CD4+ cell count at initiation of HAART was over 350 cells/mm^3^ has decreased ([Fig. 3](#F3){ref-type="fig"}), whereas, the proportion of patients with CD4+ cell counts lower than 350 cells/mm^3^ at initiation of HAART has increased. In addition, the proportion of patients with CD4+ cell counts lower than 100 cells/mm^3^ at initiation of HAART has increased; in 2010-2012 period, those patients account for 43% ([Fig. 3](#F3){ref-type="fig"}). CD4+ cell counts lower than 200 cells/mm^3^ at initiation of HAART showed increasing tendency (30-65%, maximum at 2010-2012 period).

![The trend of CD4+ cell count at the time of initiating highly active antiretroviral therapy by 3-year intervals. As of 2015, 376 HIV patients were included. CD4+ cell count, ≤100, 101-200, 201-350, 351-500, and \>500 cells/mm^3^, is stratified for each time interval. Values are presented as number (percentage).](ic-49-101-g003){#F3}

A total of 322 HIV-infected patients met the criteria for analysis of HIV-RNA titers at initiation of HAART. The mean and median values of HIV-RNA titers were 493,116 copies/mL and 83,500 copies/mL (IQR, 15,763-292,500 copies/mL), respectively. The proportion of patients with HIV-RNA \<50,000 copies/mL has steadily decreased, and patients with high RNA titer at treatment has increased ([Fig. 4](#F4){ref-type="fig"}).

![The trend of HIV-RNA titer at the time of initiating highly active antiretroviral therapy by three-year intervals. As of 2015, 322 HIV patients were included. Level of HIV-RNA: ≤50,000; 50,001-100,000; 100,001-200,000; 200,001-1,000,000; and \>1,000,000 copies/mL is stratified for each time interval. Values are presented as number (percentage).](ic-49-101-g004){#F4}

Discussion
==========

Based on Korea HIV/AIDS Cohort Study data, we found from our analysis that patients whose CD4+ cell count at the time of diagnosis was lower than 350 cells/mm^3^ accounted for over half of all patients. In particular, the proportion of patients with CD4+ cell count ≤100 cells/mm^3^ at the time of diagnosis has steadily increased from 2000 to the 2010-2012 time interval. In other Korea HIV data from the Korea National Institute of Health, the proportion of patients with CD4+ T cell count \<200 cells/mm^3^ increased from before 1993 to the period of 2004 to 2006 \[[@B15]\]. Similar to previous reports, our cohort data showed gradual increase of patients with CD4+ cell count \<200 cells/mm^3^. Presentation of CD4+ cell count lower than 350 cells/µL at the time of diagnosis has also been found in other countries. In northwest Spain data from 2004-2013, 53.1% of newly infected HIV patients had low CD4+ cell counts (CD4+ count \<350 cells/mm^3^) \[[@B16]\]. In the United Kingdom, 49% of newly infected HIV patients in 2011 were diagnosed at a low CD4+ cell count, lower than 350 cells/mm^3^ \[[@B17]\]. Shen et al. reported the CD4+ cell count at the time of diagnosis in China. From 2009-2010, about 72% of patients had a low CD4+ cell count, ≤200 cells/mm^3^, which was lower than in our report \[[@B18]\].

Our study showed that many patients initiated HAART at a low CD4+ cell count. The proportion of patients with a low CD4+ cell count at time of HAART initiation gradually increased until recently. We think that this result is influenced by an increase in patients with low CD4+ cell count at the time of diagnosis. More patients with CD4+ cell count ≤100 cells/µL at time of diagnosis have been observed, and this tendency has increased over time.

In contrast to our national trends, recent reports from Asia showed a tendency towards increased CD4+ cell count at initiation of treatment. The TAHOD-TASER Cohort Study reported trends of CD4+ cell count at the initiation of HAART over time. Before 2010, median CD4+ cell count at the start of treatment was lower than 200 cells/mm^3^. Since 2011, median CD4+ cell count has been increasing substantially. The median CD4+ cell count in 2011 and after 2011 was 249 cells/mm^3^ and 302 cells/mm^3^, respectively. In addition, the proportion of patients with CD4+ cell count \<200 cells/mm^3^ at initiation of HAART markedly decreased over time, from 82.4% in 2007 to 36.3% after 2011 \[[@B2]\]. This CD4+ cell count trend was similar to the findings from a study performed in Shanghai, China. The median CD4+ cell count had increased from 65 cells/mm^3^ in 2006 to 203 cells/mm^3^ in 2011. The proportion of patients with CD4+ cell count \<200 cells/mm^3^ decreased from 88.5% in 2006 to 49.6% in 2011 \[[@B19]\]. In Rwanda, an upswing in the median CD4+ cell count at HAART initiation was observed. While the median CD4+ cell count was 183 cells/mm^3^ in 2007, the median CD4+ cell count was 293 cells/mm^3^ in 2011-2012. The proportion of patients with advanced HIV disease (CD4+ cell count \<200 cells/mm^3^ or WHO stage IV) had decreased from 66.2% to 29.4% \[[@B20]\]. In these three studies, the proportion of patients with CD4+ cell count \<200 cells/mm^3^ at HAART initiation, after 2010, was similar to our findings. However, the findings showed improvement in CD4+ cell counts at HAART initiation, which was in contrast to what we observed in our cohort data. Research from industrialized countries show a stable median CD4+ cell count over 300 cells/mm^3^ at HAART initiation for a period of about twenty years \[[@B21][@B22]\]. In this study, consistent low median CD4+ cell counts have been observed, which were lower than those observed in other developed countries.

Upon comparing the factors based on the CD4+ cell count at diagnosis (cutoff point: 200 cells/mm^3^ or 350 cells/mm^3^), the median age at diagnosis was higher in patients with a low CD4+ cell count than in patients with a high CD4+ cell count. In addition, between 2001 and 2012, the median age at diagnosis for each period was high. Among the associated risk factors, a history of tuberculosis was observed more frequently in patients with a low CD4+ cell count. This finding may be associated with the risk of opportunistic tuberculous infection. Moreover, sexual contact among males and a history of syphilis were more frequently recorded in patients with a high CD4+ cell count. This finding suggests that the opportunity of diagnostic test would have influenced the rate of low CD4+ cell count at diagnosis.

Our study has limitations. The size of the study population, when divided into each three-year interval time period, was small. However, we believe our cohort data provides an understanding of early-stage immune status of Korean HIV patients, as well as CD4+ status at initial treatment.

In summary, the Korea HIV/AIDS Cohort Study population comprised patients who had CD4+ cell count and HIV-RNA titer values at the time of diagnosis and initiation of AHAART. Our findings, based on analysis of cohort study data, suggest that early detection of HIV patients and earlier initiation of HAART, to treat and prevent the spread of HIV infection, is needed.
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